Background: Hepatocellular carcinoma (HCC) is the most common primary malignancy of the liver and the second leading cause of cancer death in the world. It is the only tumor that can be diagnosed by imaging only, without a need for histopathological confirmation. CT and MR are the imaging techniques that often allow making a definite diagnosis. This study is a prospective study done by multiphasic contrast-enhanced computed tomography on 25 patients with liver cirrhosis showing 30 hepatic arterial phase hyper-enhancing nodule. Follow-up CT studies for these nodules were performed 4 to 6 months after the initial study Results: In the follow-up study, 14 (46.66%) lesions showed size progression; however, only 4 of them had a progression which was more than 50% (threshold progression as described in LI-RADS version18). Nine (30%) lesions showed stationary size, and 7 lesions (23.33%) disappeared. Regarding the enhancement dynamics, 2 lesions developed delayed non-rim washout. By application of the LI-RADS classification, LI-RADS 3 category was noted in 25 lesions, and only 2 lesions evolved in the follow-up to LI-RADS 5 (using version 17 of the LI-RADS), while using LI-RADS version 18, only 3 lesions evolved. Five lesions were classified as LI-RADS 4 category by LI-RADS version 20017, and all these lesions progressed in size with 2 of them (40%) exceeded the growth threshold in the followup and progressed to LI-RADS 5. Using version 18 of the LI-RADS system, these lesions are classified as LI-RADS 5 category in the initial study.
Background
Hepatocellular carcinoma (HCC) is the most common primary malignancy of the liver and the second leading cause of cancer death in the world. CT and MR are the imaging techniques that often allow making a definite diagnosis of HCC without a need to biopsy the lesion. HCC is one of the tumors that can be diagnosed by imaging only, without the need for histopathological confirmation [1, 2] .
Ultrasonography remains a first-line examination, and it has recently gained increasing capabilities due to the implementation of dynamic contrast-enhanced studies and elastography [3] . However, the diagnostic role of DCE ultrasonography relative to DCE-CT and MR imaging remains debated [4, 5] , and also, there is a significant overlap of lesion stiffness in elastography between benign and malignant lesions [6] .
The role of MR imaging has been substantially increased due to the recent updates in MRI technology. The pulse sequences at MR imaging can be adjusted to produce images that assess different tissue characteristics to differentiate benign from malignant lesions such as diffusion, perfusion, and viscoelasticity [7, 8] .
There are many guidelines that try to facilitate and unify HCC diagnosis in imaging studies, for example, American Association for the Study of Liver Diseases (AASLD) [9] , European Association for the Study of the Liver (EASL) [10] , and Asian Pacific Association for the Study of the Liver (APASL) [11] guidelines. In 2008, the first Liver Imaging Reporting and Data System (LI-RADS) committee convened, with support from the American College of Radiology, with the primary aim of standardizing the lexicon, interpretation, and reporting of imaging findings to improve communication related to the diagnosis of HCC in high-risk patients. The major features include non-rim arterial phase hyper-enhancement (NRAP), observation diameter, non-peripheral washout appearance, enhancing capsule appearance, and threshold growth [12] .
The initial version of LI-RADS was released in 2011 with a standardized five major categories for classifying observations in the liver: LI-RADS 1 (definitely benign), LI-RADS 2 (probably benign), LI-RADS 3 (intermediate probability for HCC), LI-RADS 4 (probably HCC), and LI-RADS 5 (definitely HCC) [13] .
In the 2014 LI-RADS update, the diagnostic algorithm was modified. A split cell was introduced into the algorithm for 10-19 mm observations with NRAP and one additional major feature for HCC, and all other observations in this cell were assigned as LI-RADS 4 [14] . LI-RADS v2017 added new algorithms for US surveillance, CEUS diagnosis, and CT/MRI treatment response assessment. The category LR-noncategorizable (LR-NC) was added to describe observations that cannot be categorized due to image degradation or omission [15] .
In LI-RADS version 2018, a change in LR-5 criteria was introduced: lesions 10-19 mm in size with NRAP and washout are categorized as LR-5. In prior LI-RADS versions, such observations were categorized as LR-4 or, if visible on antecedent US images, as LR-5us, and also, it simplified the threshold growth definition to a size increase of at least 50% in 6 months or less [16] .
Objective
The objective of this study is to identify the interval changes in size and enhancement dynamics of NRAP hepatic nodules measuring less than 2 cm in correlation to LI-RADS version 18.
Patients

Inclusion criteria
During the period from February 2016 to April 2017, this prospective study was performed on 25 patients with cirrhotic liver who referred to our institution showing in the initial study a less than 2 cm NRAP nodule/s with a time interval between the 2 studies of 4 to 6 months.
Exclusion criteria
The exclusion criteria are as follows:
Patients with targeted lesions managed in the time
interval between the initial study and the follow-up study 2. Patients with incomplete medical records 
Lesions with indistinct outlines or wedge shape subcapsular lesions (probably representing areas of transient hepatic attenuation difference)
Patient consent was waived by the Research Ethics Board, assuring respect of the confidentiality of the medical record.
Methods
All patients were subjected to the following: A pre-contrast study covers a range from the tracheal bifurcation to the pelvic outlet.
A post-contrast study following non-ionic watersoluble contrast medium was injection using an 
Result
The current study included 30 lesions in 25 cases, of those 22 were male patients and 3 were females. Their ages ranged from 48 to 76 years with mean age of 62 years.
In the initial study, 14 lesions were less than 1 cm, and in 16 lesions, the size was between 1 and less than 2 cm.
A total of 25 lesions (83.33%) showed NRAP with neither washout nor pseudo-capsule and were classified as LI-RADS 3 category (by LI-ARDS version 17 and version 18), including 14 cases with less than 1 cm in maximum diameter(100%) and 11 out of 16 cases with diameter equal or more than 1 cm (68.75%).
While 5 cases (17.66%) showed washout in the delayed phase and were classified as LI-RADS 5 category by version 18 of LI-RADS and LI-RADS 4 category by version 17, all of them were more than 1 cm (Fig. 1) .
In the follow-up study, 7 lesions disappeared (23.3%) from which 4 were less than 1 cm and 3 were with diameter equal or more than 1 cm.
A total of 9 cases (30%) showed stationary course regarding their size and enhancement, and 8 showed NRAP only with a single lesion showing washout in both the initial study and follow-up.
A total of 14 lesions (46.66%) showed progression in size, from which 4 lesions were initially less than 1 cm and 10 lesions were initially more than 1 cm (4 of them showed size progression more than 50% from which 2 progressed to more than 2 cm), and 5 lesions showed delayed washout in the initial study and follow-up, while 4 cases developed delayed enhancement washout in the follow-up (Fig. 2, Table 1 ).
In the follow-up study using LI-RADS system version 17 (Figs. 3, 4 , 5, 6, 7, and 8). For LI-RADS 3 category lesions, 9 lesions disappeared (36%), 12 lesions remained as such (50%), 2 upgraded to LI-RADS 4, and 2 upgraded to LI-RADS 5.
For LI-RADS 4 category, all the lesions progressed in size, and 2 lesions (40%) evolved to LI-RADS 5 while the remaining 3 lesions remained in LI-RADS 4 category. Based on these data, size progression of LI-RADS 4 lesions in the current study showed sensitivity of 100% and specificity of 80.6% while LI-RADS 4 progression to LI-RADS 5 showed sensitivity of 40% and specificity of 92.6% (Tables 2 and 3 ).
In the follow-up study using LI-RADS system version 18 (Figs. 3, 4 , 5, 6, 7, and 8).
For LI-RADS 3 category lesions, 9 lesions disappeared, 14 lesions remained as such (50%), 1 upgraded to LI-RADS 4, and 3 upgraded to LI-RADS 5. The remaining lesions were initially classified as LI-RADS 5 category.
Discussion
Small enhancing hepatic nodules are problematic, indeterminate lesions that are commonly encountered during interpretation of contrast-enhanced CT and MR imaging studies of cirrhotic liver [17] . Most of these findings are benign pseudo-lesions due to underlying diseases that severely alter perfusion, such as Budd-Chiari syndrome and, less commonly, chronic portal venous occlusion and large arterio-portal fistula [12] .
Given their enhancement pattern, these nodules may be difficult to differentiate from HCC. Many therefore are categorized as LI-RADS 3 or 4. If a well-defined homogeneously hyper-enhancing nodule without a capsule appearance remains stable for longer than 1 year, particularly in a patient with the underlying conditions described, a diagnosis of benign hyperplastic nodule becomes increasingly likely [18] .
When the hyper-enhancing observation is subcapsular and shows a triangular shape, it can be confidently labeled as definitely benign (LI-RADS 1) or probably benign (LI-RADS 2). In contrast, the more central lesions with a round or oval shape, in the absence of comparison studies, are more likely to be labeled as indeterminate (LI-RADS 3) [19] .
The LI-RADS category may, therefore, evolve from 4 to 3, or occasionally to 2. Conversely, if the patient presents with a history of viral hepatitis, alcoholism, nonalcoholic steatohepatitis, or other chronic liver diseases, NAPH should be followed to ensure it does not represent HCC or its precursors [20] . In the current study, 25 lesions initially showed NRAP with neither washout nor delayed capsular enhancement and were described as LI-RADS 3 category, from which 2 lesions (8%) were evolved in the follow-up to LI-RADS 5 category (using version 17 of the LI-RADS), while using LI-RADS version 18, 3 lesions evolved (12%).
The current study results match with the findings described by Holland et al. [18] who found that the majority (93%) of NRAP-only lesions are non-neoplastic, even in patients with pathologically proved HCC.
Matching results were also described by Choi et al. [21] , who reported that 94% of LI-RADS 3 identified at There is partial discrepancy between the current study results and the results described by Quaia et al. [22] who found in their study on 151 NRAP hepatic nodules a percentage of 24% HCC.
Using LI-RADS version 17 and older versions, 5 lesions in the current study were described as LI-RADS 4 category, and all the lesions showed progression in size, 2 of which progressed to LI-RADS 5.
In the literature, similar results were encountered by Tanabe et al. [19] who found that 38% of LI-RADS 4 lesions progressed to a malignant category (LI-RADS 5 or LI-RADS M) within 6 months to 3 years, and 43% remained stable in category, while the remainder decreased in category, only 4% of LI-RADS 3 observations progressed to LI-RADS 5, and most remained stable or decreased in category.
Partial validation also is provided by Darnell and colleagues [23] , who showed that 96% of LR-4 with a histologic reference standard were HCC. The LI-RADS 4 ("probably HCC") category is intended to convey high probability of HCC, and this was confirmed by these investigators.
In the current study, all the lesions (five lesions ) between 1 and 2 cm in diameter with NRAP and delayed washout progressed in size compared with 36% of the other less than 2 cm lesions; from these five lesions, two of them had growth exceeding 50% of their size. These findings are matching with the recent update of the LI-RADS system version 18 [16] which upstaged these lesions from probable HCC to definite HCC.
We acknowledge the limitation in the current study; first, there were relatively a limited number of cases, and this is attributed to the exclusion of some cases, either due to loss of contact with the patients of the study population or interventional management that was done in some cases with lesions less than 2 cm with NRAP and delayed washout out of our institution. The second limitation was the interval follow-up duration which was in the current study between 4 and 6 months; we think that if the time interval was above 6 months, there would be more progression of the lesions with delayed washout. Further studies using larger study population and longer follow-up interval are recommended to confirm the results of the current study.
